(c) Placental transmission to the embryo may occur in certain diseases such as variola, varicella, Rift Valley fever and rinderpest. As a rule lesions are produced in the placenta. The Islamic physicians, Rhazes and Avicenna, who flourished at the end of the ninth century, were well aware of this method of contagion in smallpox. Lanfranchi and Lenzi (1918) claim that rabies virus may pass through the placenta of the dog and rabbit, but Genevray and Dodero (1935) have recently recorded the birth of a perfectly healthy child by Cwsarian section, to a mother suffering from rabies.
It is of interest that a virus pathogenic by one portal of entry may be quite innocuous when injected by another. Swine influenza injected intramuscularly into pigs causes no illness (Orcutt and Shope, 1935) .
(3) Methods of spread in the tissues.-Certain viruses, as for instance, warts, may spread directly on skin or mucous surfaces by auto-inoculation. The more usual paths of infection involve the blood-stream, as in yellow fever, the lymphatics, as in lymphogranuloma inguinale or the nerve-fibres, as in rabies, poliomyelitis, herpes, Borna disease. In certain diseases, spread may involve the actual axones, in others the neurolymph spaces form the more probable means of dispersal. Some viruses infect cells at their portal of entry, others may travel both by the blood-stream and by nerves.
(4) Localization in selected tissues.-Some viruses produce changes in a large number of differeilt types of tissue cells; when such cells are derived from all three embryonic layers the virus may be said to be pantropic * other viruses are highly selective in the cells they parasitize. The following simple classification of animal virus diseases according to the embryonic layers involved, is therefore proposed. It is less complicated than that recently suggested by Verge and Goret (1935) (a) Pantropic.-All three embryonic layers attacked-(cf. Hiurst, 1936) . By suitable means it is possible to produce variants of certain viruses which differ from their parent strains in tissue affinities.
(5) Action on parasitized cells.-It is now recognized that the action of viruses is due to direct action on the parasitized cells. Such cells may be stimulated to active mitosis with resulting hyperplasia, or necrosis may rapidly destroy the cells. In many cases the production of a hyperplastic mass with insufficient blood supply involves subsequent necrosis, but recently Rous and Beard (1935) have found that the cells of filtrable papillomata in rabbits may undergo true neoplastic processes. Certain viruses, after parasitizing cells, may remain quiescent for weeks or months. The long incubation periods of warts, or Borna disease are well known, while mice inoculated intracerebrally with the virus of lymphogranuloma inguinale may not develop symptoms for ninety-five days after inoculation. On the other hand, mice inoculated intraperitoneally with the virus of Rift Valley fever usually die in forty-eight hours with widespread necrosis of the liver parenchyma. It must however be recognized that the intensity of virus action varies within wide limits: at times viruses may exhibit an almost symbiotic relation to their hosts' tissues, or may cause an inapparent infection.
Certain viruses have an action on the tissues that is but little understood. This consists in a reduction of the hosts' resistance to bacterial infection: the loss of 30 564 resistance may be against specific bacteria only, as in swine fever or swine influenza, or may be general, as in dog distemper or feline gastro-enteritis.
(6) Methods of excretion.--An increasing number of viruses have now been isolated from the tissues of animals which have previously acquired specific immunity: vaccinia, infectious equine anaemia, laryngo-tracheitis of fowls, rabies, poliomyelitis, herpes, virus III, guinea-pig and rat salivary gland viruses, yellow fever, lymphocytic-chorio-meningitis, psittacosis and Theiler's mouse encephalitis. How long such viruses may remain in the tissues apparently in a state of commensalism is unknown-possibly they may endure for the life of their host. If, however, such viruses are to parasitize fresh hosts they must by some means be excreted from their original host. The points of exit are reached, as in the case of spread from the portals of entry, by the blood or by nerves, the spread in the latter being now centrifugal instead of centripetal. The actual portals of excretion comprise: (1) skin-variola, varicella, warts; (2) saliva-rabies, herpes, virus B, mumps; (3) secretions of respiratory tract-measles, acute coryza, poliomyelitis, influenza ; (4) urine--lymphocytic chorio-meningitis; (5) feces-bacteriophage; (6) blood-yellow fever, dengue, Nairobi sheep disease.
It will be noted that some viruses come out by the same door as they went in; others, such as variola, enter by the nose and leave by the skin. The importance of nasal infection in variola appears to have been known to the ancient Chinese since they used the nose as a route for prophylactic immunization, while Rhazes, to whom we owe the first description of smallpox, believed that the contagion was effected by a kind of leaven which fermented in the blood. The latter, trying to purify itself, rejected the peccant matter from the body through the openings of glands in the skin.
As a general rule the period of excretion and, therefore, the period of infectivity, are short. This is especially true when the virus is taken up from the blood-stream by the bites of arthropods. Herpes virus may, however, remain in the saliva of healthy persons for long periods and the same is true of the virus of rabies in the saliva of the vampire bat (Lima, 1934) : Lucas and Osgood (1913) have found the virus of poliomyelitis in the nasopharynx four months after recovery from an attack, and Berry and Rivers (1935) state that a parrot was still excreting psittacosis virus, though isolated from other birds, for eighteen months. There is also evidence to suggest that mice may excrete the virus of lymphocytic chorio-meningitis in the urine for considerable periods. Prostitutes infected with lymphogranuloma inguinale were found to be contagious after more than one and a half years (Caminopetros, 1935) . It is of interest that comparatively few viruses, with the exception of bacteriophage, are excreted in the foeces.
(7) Passage through insect hosts.-Just as many viruses may remain infective but quiescent for long periods when attached to " fomites," so others may pass long periods in insects without producing any pathogenic effects in their arthropod hosts. If the production of pathQlogical changes in the host is evidence of incomplete adaptation on the part of the parasite to the host's tissues, then the absence of pathogenic action would in the same way be evidence of very long standing adaptation. Many of the animal viruses transmitted by arthropods may therefore have originated as insect parasites and only later have become partially adapted to vertebrate hosts. If this view of the origin of these insect-borne viruses is correct the viruses must, in many cases, have lost the capacity they once possessed of being hereditarily transmitted from the female to her eggs. The following animal viruses are at present known to be transmitted by insects:
Yellow fever, dengue, equine encephalomyelitis, blue tongue, Nairobi sheep disease, louping-ill, tick-borne fever, sandfly fever, fowlpox, infectious equine anaemia.
The vectors of Rift Valley fever and African horse sickness are not at present certainly known: the former is probably transmitted by certain mosquitoes of the genus Mansonia, but Aedes mosquitoes do not naturally transmit horse sickness. It is possible that in the future the list may be increased by diseases such as the following: (1) Red fever of the Congo; (2) three (lays' fever, such as that described by Chabrillat (1934) as occurring in Madagascar in the absence of sandflies; and (3) three-day sickness of cattle (cf. Sen, 1931) : in addition, Cowdry and Rees (1935) have brought forward evidence to suggest that Anaplasma ncaryiniale is not a protozoon but a virus. In this case the ticks Dermacentor variabilis, D. anzdersoni and Boophilus microplus would become virus vectors. Even with these possible additions, the list of animal viruses transmitted by insects is small and is in striking contrast to the very large proportion of plant viruses transmitted by insects.
An examination of the list of insect vectors of animal viruses shows that the two most important groups are those of the Culicine mosquitoes and the ticks. Yellow fever, dengue, equine encephalomyelitis and possibly Rift Valley fever and blue tongue of sheep are all readily transmitted by Culicine mosquitoes. It is, however, of interest to note that amnong the great family Culicid,e, the tribe of the Culicini alone transmits viruses while the equally numerous tribe of the Anophelini is entirely blameless in this respect; on the other hand, the Anophelini comprise all the carriers of malarial protozoa, with the exception of certain species of the genus Citlex which transmit the organisms of bird malaria. .Why these two tribes should exhibit this dichotomy is unknown and is the more remarkable as the Anophelini are usually regarded as the more primitive in type. Differentiation of the Anophelini and Catlicini probably occurred, however, as early as the mid-tertiary period. Ticks, on the other hand, transmit both protozoa and viruses.
In studying the changes undergone by viruses in insects, the following classification proposed by Huff (1931) and applicable to all organisms transmitted by arthropods is of interest:- In the case of viruses only the methods of propagative and mechanical transmission are known to occur. Propagation without cyclical change occurs in the mosquito transmission of dengue, equine encephalomyelitis and, in all probability, of yellow fever, while mechanical transmission is exemplified by the action of Stomoxys calcitrans in transmitting the viruses of African horsesickness and infectious equine anaemia and by the mosquito transmission of fowlpox. Bos (1934) , however, has found that this latter virus may be carried by Anopheles maculipennis for as long as 210 days, that is to say probably for life. The same is true of the yellow fever, dengue and equine encephalomyelitis viruses, for the vectors, once infected remain infected as long as they live. Culicine mosquitoes are unable to transmit yellow fever, dengue or equine encephalomyelitis by biting until some days after they have ingested these viruses. This period of "extrinsic incubation " is necessary to allow the virus to reach the salivary glands in concentration and can, at any rate in the case of yellow fever virus, be greatly modified by change of temperature, being retarded by low and accelerated by high temperatures. There is no evidence that yellow fever or equine encephalomyelitis viruses are transmitted from female to male mosquitoes during sexual conjugation or that they are hereditarily transmitted from the female to her eggs. The fact that the yellow fever virus is unable to penetrate into the egg is remarkable since the infection of the mosquito is apparently septictemic in character. Thus, in an isolated mosquito community, yellow fever infection gradually dies out with the death of the infected mosquitoes. The failure of yellow-fever infection to persist indefinitely in mosquitoes in the absence of susceptible vertebrate hosts raises the question whether other arthropod vectors of yellow fever may not exist either longer-lived than the culicine mosquitoes (Aedes Section of Combparative Medicine 567 xgypti cannot live more than six months under the most favourable conditions) or capable of ensuring hereditary transmission. One of the most important problems in connexion with the epidemiology of yellow fever is the reason for the persistence of infection in sparsely populated rural areas in South America and Africa. Although there is now evidence from both continents that wild monkeys may act as alternative hosts to man, it is difficult to imagine that a constant supply of nonimmune monkeys can always be at hand to maintain the supply of infected mosquitoes. The search for other arthropod vectors of yellow fever therefore continues, more especially as in South America rural outbreaks of yellow fever have occurred in the total absence of the usual vector Aidesa?gypti: on epidemiological grounds Soper (1935) in South America has recently incriminated, for instance, the blue mosquito HEmagogus equiMUs.
Dengue virus behaves in Aedes mosquitoes in very much the same way as the yellow fever virus. Here again, there is no hereditary transmission, though the virus is widely distributed in the tissues of the mosquito. A curious fact of considerable interest is that though the Western strain of equine encephalomyelitis is readily transmitted by AMdesajyypti the Eastern strain is unable to penetrate the intestinal mucosa. Tick-transmission of viruses is a somewhat more complicated process. Thus, Daubney and Hudson (1931) found that infection with Nairobi sheep-disease virus of any instar of Rhipicephaluts appendiculatlits results in transmission of the virus by the succeeding stage which then loses its inffection at the next moult. A female tick infected as an adult thus only passes infection to the eggs. However, larvae, nymphs or adults which have successfully cleared themselves can become reinfected if their host's febrile reaction begins before the infecting meal is completed; carriage of infection for a further stage is thus ensured. With Amblyomma variegatrnt, a less successful vector of Nairobi sheepdisease virus, transmission from the female to her eggs does not occur (Daubney and Hudson, 1934) . Louping-ill virus was shown byMacLeod and to be transmitted by nympha-and adult female Ixodes ricinuts that had engorged in their previous stage, on infected sheep, the ticks becoming infective as soon after moulting as they were capable of attachment to a host. Great variation may occur in the infectivity of different groups of ticks and in different ticks of the same group. The action of the associated virus of tick-borne fever in localizing the louping-ill virus in the brains of sheep is of great interest. Alexander and Nietz (1933) found that Rhipicephalus appendiculatus also transmitted louping-ill. The larvae of the tick can pass on infection to the nymphte and similarly freshly infected nymphce can transmit infection to the adults. The virus will not, however, pass through the egg to the next generation and in this instance also infected nymphatend to clear themselves when fed on susceptible sheep though they may reacquire infection before detachment. The exact method by which ticks clear themselves is at present uncertain, nor is it known whether viruses actually multiply in ticks.
Among the sandflies, Phliebotomus papatasii is the only species which is definitely known to act as a vector of the virus of sandfly fever. Various workers, chiefly on epidemiological grounds, have brought forward evidence that P. minutus var. ufricanus, P. perniciosus, P. neglectuts, P. major, var. chinensis and P. sergenti may also act as carriers of the disease. The known distribution of the fever is very similar to that of P. papatasii but outbreaks of diseases with very similar characters have been reported from areas where this sandfly is not known to exist. This discrepancy may depend, as Sinton (1930) has suggested, upon (a) the presence of another vector, either another species of Phlebotomnus or some other insect, (b) insufficient knowledge of the distribution of P. papatasii or (c) mistaken diagnosis, as at present the disease can only be identified by clinical symptoms.
Little, however, is yet known in regard to the transmission of sandfly fever, as there is no laboratory animal in which the disease can be studied. A few facts, Proceedings of the Royal Society of Miedtcine 34 however, are certain: thus Doerr (1909) and Birt (1910) both found that the flies do not become infective till seven to ten days have elapsed after they have fed on a patient with sandfly fever. The virus is not passed through the egg, but Whittingham (1926) believes that under natural conditions infection may be transmitted fr6m one generation to another, the larvin ingesting the dejecta or dead remains of parent flies infected with the virus. Flies infected by this means are not infective till they have had a blood meal.
Although many problems in connexion with the insect transmission of viruses still remain to be elucidated, the ease with which certain viruses live and in some cases multiply in the bodies of arthropods, is an additional argument of some weight in support of the view that viruses are organismal in character and are not chemical products derived from the tissues of their vertebrate hosts.
The means by which many viruses are transmitted in Nature is still unknown; nevertheless, in this brief summary it has been possible to sketch a life-history that is applicable to many animal viruses. As of men, so too of viruses, it can be said that they have their exits and their entrances, and each one in its time plays many parts. (1) Mr. I. A. Galloway: The method of spread of viruses in the body and the elective affinity of viruses for tissues derived from different embryonic layers are problems which have given rise to interminable discussion since viruses were first recognized. During recent years, in which the investigation of these infective agents has been more intensive, the interest has increased. Improved methods of study have made observations more trustworthy and the interpretation of experiments more convincing. It has come to be realized that isolated observations on the presence of the virus in certain tissues or in the circulating blood, or other body fluids, especially during the later stages of a disease, are *of no assistance in arriving at a satisfactory estimate of the route by which the specific virus under study travels in the body. It is only by systematically investigating at the various stages and especially during the incubation period, and by giving, at the same time, due consideration to the portal of entry of the virus and the degree of infection (especially after experimental inoculation) that one can hope to arrive at reliable conclusions. While in the case of some viruses the evidence for elective tissuetropism is so overwhelming as to render it unequivocal, e.g. foot and mouth disease virus for certain epithelial tissue, rabies, Borna disease and poliomyelitis viruses for nervous tissue (ectodermal affinity), in the case of others dogmatic statements as to elective tissue affinity which have been made should be received with caution. As knowledge has accumulated it has been found that some viruses, such as that of vaccinia, may possess several potential "tropisms " which can be enhanced or suppressed by experimental devices. One may also cite in this connexion the viruses of yellow fever and horse sickness which although in the spontaneous diseases appear to possess only viscerotropic characters may, when injected intracerebrally into experimental animals (mice) or under special experimental conditions which will be referred to later, exhibit neurotropic potentialities.
VIRUS DISEASES OF ANIMALS TRANSMITTED BY THE BITES OF INSECTS

Species of vector
In the short time at my disposal it would obviously be impossible to discuss the whole question of the mode of spread of viruses in the body. I propose, therefore, to limit my remarks to one group of viruses, i.e. those often referred to as " neurotropic" viruses. The employment of this term, which in some cases has been misapplied, has led to the erroneous conception that all those viruses which are associated with symptoms referable to lesions in the nervous system and may possess some characteristics in common, behave in exactly the same way when they gain access to the body. It has become increasingly obvious, as a result of intensive and more accurate experimental investigations,that a revision of our ideas about this group is called for and a division into sub-groups necessary. I must state my indebtedness to Dr. E. W. Hurst, with whom I have, on several occasions been able to discuss many aspects of the problem and who has afforded me the opportunity of reading not only his published papers, but also his unpublished papers relating to this subject.
One can fairly safely place the viruses of rabies, Borna disease (an enzootic encephalomyelitis affecting horses, sheep, and cattle), and poliomyelitis in a group by themselves. This is Group I Neurotropic Viruses-Strict Neurotropes. The viruses of this group are rarely found in the blood or cerebrospinal fluid, and then only in the later stages of the disease. Inoculation of moderate doses intravenously is usually without result. They all attack primarily and destroy nervecells. The inflammatory reactions in the nervous tissues, meningitis and perivascular "cuffing," come later into the histological picture and may be considered as secondary and reactive. It has been shown in all three diseases that if the virus is inoculated intracerebrally it will travel centrifugally in nervous tissue to reach the peripheral nervous system, and if inoculated into a peripheral site will travel centripetally in the same way to reach the central nervous system. It has also been shown experimentally, at least in the case of poliomyelitis and rabies, that the virus does not reach the cord and brain if the nerves supplying the inoculated region are resected. In the case of Borna disease, it has been possible owing to the long incubation period to obtain a very complete histological picture and story of the spread of the virus after intracerebral inoculation [Nicolau and Galloway, 19281; Nicolau, Dimancesco-Nicolau and Galloway, 1929] . The infiltrative interstitial neuritis encountered in the peripheral nerves is more intense than in rabies [[d., 192821 and poliomyelitis [Id., 19283] and infiltrative and degenerative processes as well as inclusion bodies have been demonstrated only in the nervous mechanism associated with a large number of organs and tissues.
All the evidence goes to prove that the viruses of Group I travel by some component of the nerve trunk. Hurst (1930) has submitted experimental evidence to support his belief that in the case of poliomyelitis the spread of the virus is by the axis cylinders.
The size of the virus of poliomyelitis has been shown to be about 8 to 12 m,u [Theiler and Baiter, 1934; Elford, Galloway, and Perdrau, 1935] . It would appear more easy to conceive the possibility of the passage of particles of this size along the axis cylinders than viruses of the size of rabies, 120 my [Elford and Galloway, 1934'], and Borna disease, 100 mA [Elford and Galloway, 1933] .
A recent clinical observation of interest has been made by Leake (1935) , who has described cases of poliomyelitis in humans following vaccination with virus treated in different ways. In every case in which the sequence was known the level of the spinal cord first affected corresponded to the extremity in which the injection was made, paralysis beginning either in the same limb or in the contralateral limb. As the author points out, this is strong support to other evidence [Fairbrother and Hurst, 1930; Hurst, 1930] that the virus of poliomyelitis is transmitted along nerve-fibres, since neither blood nor lymph streams would afford direct access from one extremity to the corresponding cord level. Before leaving this group of strict neurotropes, I wish to say a few words about the confusion which appears to exist in the minds of some about the position with regard to equine encephalomyelitis. Borna disease, an equine encephalomyelitis (which may also affect cattle and sheep under natural conditions), known to occur in Europe, is produced by a virus which is quite different from that responsible for another entity which has been proved to exist among horses in the United States of America, the Argentine and Russia, and which for convenience sake may be referred to as American equine encephalomyelitis. Although both the viruses are responsible for encephalomyelitis in the equine species, yet they are definitely not related. Miss Howitt (1935) said that " while the two entities may differ in various characteristics, difference ill incubation period, a more chronic course for the Borna type with greater virulence for rabbits, the lack of cross-immunity and the lack of similar intranuclear inclusion bodies, yet a common generic relationship seems probable."
The incubation period after intracerebral inoculation of guinea-pigs with Borna disease is about sixty days on an average, while in the case of the American type of encephalomyelitis it is about forty to ninety hours according to the strain. The size of the virus of Borna disease (the European encephalomyelitis) is about 100 m,tt, while Bauer, Cox and Olitsky (1935) have recently shown that the "Eastern " and " Western " strains of the American virus have a size value of only about 20 to 30 m,u. Further, as Dr. Hurst will subsequently point out in some detail, the American virus circulates in the blood and does not travel in the body exclusively by nervous tissues. In fact, the two viruses possess nothing in common except their capability of producing an encephalomyelitis in the horse. The difference in size value is in itself sufficient to reject any conception of generic relationship. For a similar reason it appears illogical to suggest any generic relationship, as has been done by Olitsky, Cox, and Syverton (1934) between the virus of equine encephalomyelitis (American type), size value 20 to 30 m,u, and that of vesicular stomatitis, size value 70 to 100 mu [Galloway and Elford, 19331. The second group of " neurotropic" viruses has been termed by Hurst Group II Neurotropic Viruses-Pantropic Type 1. In this group may be placed such viruses as those of pseudorabies (Aujeszky's disease, " mad itch "), herpes and Sabin's " B " virus. These are all definitely neurotropic but also attack and produce lesions in cells derived from all embryonic layers. The lesions in the central nervous system itself are both ectodermal and mesodermal. Intravenous inoculation of moderate doses of virus is often effective in producing the disease. The virus may or may not be detected in the blood. The virus of pseudorabies, which is verv typical of this group, has been studied in much detail [Hurst, 19341 . This virus, inoculated into a peripheral site in the rabbit, reaches the central nervous system by the nerve-fibres. Itching begins about the time when lesions can first be demonstrated in the corresponding spinal ganglia and segments of the spinal cord, and about two to three hours after virus can first be detected there. The infection ascends the peripheral nerves, as Hurst suggests, both interstitially and by the axis cylinders. (The size of the virus of pseudorabies has been shown to be about 120 m,u [Elford and Galloway, 193421 , and, as already emphasized with regard to the spread of the viruses of rabies and Borna disease by the nerves, it seems difficult to conceive axonic transmission of particles of this size.) The nerve-cell changes are probably responsible for the cardinal symptom of the disease, itching. Death ensues soon after the virus reaches the medulla and before visible changes have been produced there. Although Hurst has stated that the morbid changes in the lungs, viz., oedema, hwemorrhage, and congestion are not necessarily related to the presence of virus, this has not been the speaker's experience in young Dutch or Himalayan rabbits; generally, if severe lesions were present, the lungs could be used as a rich source of virus.
The virus of pseudorabies inoculated intracerebrally spreads centrifugally by nerve paths. After intravenous inoculation the virus disappears from the blood, foci are established in the organs whence the virus reaches the central nervous system by the nerves. a fact which explains also why inoculation of the virus into a denervated area may be followed by the development of the disease. In pseudorabies infection in the rabbit, lesions are found in the adrenal glands very similar to those encountered in herpes infection. In the pig, infection with pseudorabies by the subcutaneous route is followed by a mild febrile illness unaccompanied by itching, and nervous symptoms develop only rarely. In this animal also there is some evidence of involvement of the lymphatic system. It is of some interest that Sabin (1934) has from experimental evidence suggested that the three viruses, pseudorabies, herpes and " B " virus may to some extent be related antigenically.
In Group 3 Neurotropic Viruses-Pantropic Viruses Type 2, may be placed such viruses as those of yellow fever, louping-ill and for reasons which Dr. Hurst will give in detail the virus of equine encephalomyelitis (American type). I have added to this group the virus of African Horse Sickness. As Hurst has suggested with regard to these viruses, the similarities are sufficiently great and the points of distinction from other neurotropic viruses sufficiently marked to warrant their relegation to a special class. Yellow fever, louping-ill and equine encephalomyelitis (American type) are all transmitted by insect or arthropod vectors, in the former two diseases under natural conditions and in the last case at least experimentally and perhaps also under natural conditions. There is strong suggestive evidence that horse sickness may also be transmitted by an insect vector as yet undetermined.
These four viruses are pantropic in the sense of possessing multiple cellular affinities; this is especially so in the case of yellow fever. In louping-ill, on the other hand, these affinities are more restricted and may be limited to the blood or reticulo-endothelial system. There is some suggestive evidence of the possibility that the viruses of this group may multiply, at least in certain susceptible hosts, in the blood or blood-vascular system [Gordon, 1934; Hurst, 19351 2] in which they appear at a relatively early stage of infection.
The virus of yellow fever and horsesickness, as already pointed out, resemble one another in that although they appear to be mainly viscerotropic in the hosts which they infect under natural conditions they possess neurotropic potentialities which can be enhanced relatively to their viscerotropism [Theiler (1930) (yellow fever), Nieschulz (1932) and Alexander (1933) (horse sickness) ]. In the case of yellow fever these neurotropic potentialities once enhanced can again be diminished by experimental methods [Findlay and Clarke, 19351. Findlay and Stern (1935) have shown that unmodified or so-called "viscerotropic " yellow-fever virus, instilled intranasally into Asiatic monkeys, produces ordinary yellow fever, but inoculated by the same route into mice gives rise to encephalomyelitis. African monkeys also develop encephalitis when inoculated with "viscerotropic " virus. These authors and Theiler and Hughes (1935) have found also that Asiatic monkeys inoculated intracerebrally with " viscerotropic " virus after subcutaneous injection of immune serum develop encephalitis.
After a number of passages in the brain of mice, Sellards (1931) , and Lloyd and Penna (1932) showed that the virus of yellow fever loses to a large extent its capacity to produce viscerotropic lesions in man and in monkeys.
After intraperitoneal or subcutaneous inoculation of modified (neurotropic) virus, the latter circulates in the blood but only rarely does encephalitis follow unless injury of the brain is present (Findlay, 1934) . It has yet to be shown whether in those cases in which encephalitis results without brain injury the virus reaches the brain by the direct or the indirect route. If encephalitis occurs, the virus disappears from the blood and, although antibodies can be demonstrated in the serum, these have apparently no effect on the course of the encephalitis. Inoculation of nleurotropic (mouse brain) yellow-fever virus intracerebrally into monkeys gives rise to encephalitis accompanied by a widespread distribution of the virus in the peripheral nervous system at the time of death. In the mouse and guinea-pig [Theiler, 1930 the neurotropic mouse strain appears to behave like a strict neurotrope.
Horse-sickness in equines is a septicaemic disease and there is a concentration of virus in the blood and highly vascularized organs such as the liver and spleen. No data are available as to the concentration of virus in the brain. Clinically, there is no record of the symptoms in horses being correlated with nervous derangement. In the mouse the virus assumes the characters of a strict neurotrope. Following the injection subcutaneously of neurotropic virus into horses, the blood is found to be highly infective but the animals do not develop encephalitis and, although the neurotropic (mouse) virus is highly infective for the mouse, when inoculated intracerebrally into horses no encephalitis follows [Alexander, 1935] . It has not yet been shown whether in this disease the neurotropism of the virus, once enhanced by mouse intracerebral passage, can be again diminished by experimental procedure.
Louping-ill is carried by an arthropod vector, and Pool, Brownlee, and Wilson and Gordon, Brownlee, Wilson, and Macl.eod (1932) have shown that in the natural host, the sheep, the blood is infective in the early stages of the disease at the time of the first febrile reaction, but not usually once the nervous symptoms have developed. Encephalomyelitis may or may not follow the systemic invasion after infection by ticks or by experimental subcutaneous inoculation of virus, and in those cases in which encephalitis occurs it has not yet been determined how the virus reaches the nervous system. showed that with satisfactory experimental methods monkeys can be infected by the intranasal instillation of virus and that after such infection the virus rarely appears in the blood. Intravenous inoculation of virus was also found to be non-infective unless the brain was damaged. The virus therefore evidently reached the nervous system by the direct path. Greig, Brownlee, Wilson, and Gordon (1931) made an attempt to infect seven sheep by the nasal route, employing a nebulizer and a crude suspension of infective brain. The technique may not have been very efficient in ensuring the entry of the virus into the posterior nares but, although only one sheep developed nervous symptoms and recovered, they all were found to be immune when subsequently tested by the cerebral route, so that some virus must have reached the central nervous system. At that time these authors stated that the experimental evidence suggested that the disease may be contracted by the nasal inhalation of virus. Whether or not sheep can be infected under natural conditions by the nasal route and without the intervention of the tick, has not yet been determined. Gordon and his co-workers are of the opinion that tick-borne fever, which ticks infected with louping-ill may also carry, plays some part in facilitating the entry of louping-ill virus into the nervous system of sheep, but the route of entry is still unknown. They also state [MacLeod and ] that sheep can become infected with, and even die from, louping-ill infection by tick-bite although tick-borne fever is not present. The suggestion of MacLeod and Gordon that the presence or absence of concomitant tick-borne fever infection is a deciding factor as to whether the number of sheep which will contract encephalitis and die is high or low would of course be valid if there was found to be some correlation between high mortality and presence of tick-borne fever and vice versa. In this connexion it is of interest to consider the observations of Lennette and Hudson (1934-35) in experimental poliomyelitis. As Section of Comrparative Medicine 575 pointed out when discussing the strict neurotropes-Group 1, it is not possible to infect monkeys by single intravenous inoculation of small doses of poliomyelitis virus. These authors, however, inoculated their monkeys intravenously with repeated large doses of virus. In four out of five normal monkeys inoculated in this way the disease resulted, whereas five monkeys, from which both olfactory tracts had been removed five months previously, remained well after similar inoculation. The results suggest, as the authors point out, excretion of the virus on to the nasal mucosa of these intravenously inoculated monkeys and subsequent passage of the virus to the brain by the olfactory tract. This idea was supported by the observation that in at least one of six monkeys which had been inoculated intravenously virus could be demonstrated in the nasal washings. Whether experiments along these lines would always be equally demonstrative is questionable, since it is known how an old trauma may have the effect of localizing virus in the brain.
These observations are however of significance and lead one to consider whether in the case of a disease like louping-ill infection of the nervous system after systemic infection may not occur by a similar process. In this connexion it is of interest to cite the observations of Gordon, Brownlee, Wilson, and MacLeod (1932) on the subcutaneous inoculation of virus into sheep. In earlier experiments on a limited number of sheep, Greig et al. (1931) found that the subcutaneous inoculation of sheep with living virus was followed by a thermal reaction and that sheep so treated were immune on recovery to an intracerebral inoculation of virus. In the later experiments of Gordon and his colleagues 50 sheep were inoculated subcutaneously with louping-ill virus and of these 33 died before the immunity test.
In 28 cases the disease to which the animals succumbed was described as "typical louping-ill." It is known that not all ticks which have fed on an infected louping-ill sheep are later infective, so that, although sheep may be heavily infested with ticks, the degree of infection with louping-ill virus may vary very considerably from case to case. This, coupled with a fair degree of resistance of the olfactory tract to virus, might account for the low percentage of frank cases of the disease. There are still certain details in connexion with louping-ill which require amplification. OLITSKY, P. K., Cox, H. R., and SYVERTON, J. T. (1934.) Journ. Exper. Med., 59, 159. POOL, W. A., BROWNLEE, A., and WILSON, D. R. (1929-30.) Journ. Comp. Path., 43, 253. SABIN, A. (1934.) Brit. Journ. Exper. Path., 15, 372. SELLARDS, A. W. (1931.) Proc. NVat. Acad. Sci., 17, 339. THEILER, M. (1930.) Ann. Trop. Med., 24, 249. Id. (1933.) Amer. Journ. Trop. Med., 13, 399. THEILER, M., and BAUER, J. H. (1934.) Journ. Exper. Med., 60, 767. THEILER, M., and HUGHES, T. P. (1935.) Trals. 1?oy. Soc. Trop. Med. and Hyg., 28, 481. Dr. Wilson Smith: In his opening paper Dr. Findlay included influenza amongst the virus diseases; some might not agree with him on that point but, for myself, I believe that influenza is a virus disease, because for the last three years the evidence that a filtrable virus is the primary cause of at any rate one type of epidemic influenza has been steadily accumulating. My remarks are based upon the assumption that the virus of experimental influenza in the ferret and mouse is indeed the virus of the human disease. If this assumption is granted, there are certain features of the experimental disease in ferrets and mice which may have some bearing on our conceptions of the disease in man.
Firstly, the only certain way in which animals can be infected is by the direct introduction of virus into some part of the respiratory tract, Almost every other conceivable route of inoculation has been tried, but both ferrets and mice will usually tolerate massive doses of virus given in such ways without acquiring infection. There have been only a few occasions when very large doses given intravenously in mice have caused lung lesions. If the human disease is comparable, it means that influenza is essentially an air-borne droplet infection, and that the only portal of entry is the nasopharynx. It seems to me that a clear recognition of this might help in the prevention of epidemic spread, e.g. in ensuring adequate spacing of hospital cases and the use of masks by nurses whilst attending patients. The second important feature of the experimental disease is that the virus remains confined to the tissues of the respiratory tract. After the virus has gained entry into the nasopharynx and nasal sinuses of the ferret, it spreads to the lungs but does not invade the body in the true sense. There is no generalization by blood-stream or lymph-channel spread such as occurs in smallpox, yellow fever, and a host of other virus diseases. Blood, spleen, liver, glands, brain, have all been tested at the height of the disease, and some of them at different stages of the disease, but virus has only been recovered from respiratory tissues and secretions. Influenza virus may thus be regarded as of low invasive power and I cannot help thinking that there is some connexion between invasive power and the sort of immunity which follows a disease. The immunity which follows an attack of influenza in the ferret is of relatively short duration, and it is possible that it may depend more upon a local imrnunity of susceptible tissues than upon a general humoral immunity. The animal may be susceptible to a second attack a few months after the first and at a time when it still has circulating antibodies. It is known only too well that in man acquired immunity is not the solid life-long immunity which seems to be characteristic of many of the other virus diseases. There is a similar short immunity in other diseases of low invasive power such as herpes, staphylococcal skin infections, pneumonia, and probably the common cold. The practical outcome of this is the difficulty of immunizing by artificial means-thus in the ferret we can call forth circulating antibodies by vaccine inoculations, but we cannot yet confer a local immunity to the nasal mucosa.
The last point I wish to raise is the influence of an anwsthetic on the experimental disease. In ferrets, no recognizable lung lesions were produced until the virus had been passed a number of times from animal to animal under anesthesiathen lung involvement became the rule when the virus was administered in this way. Although such lesions may now be caused by the lung-adapted strain without anaesthesia, an anaesthetic is still necessary for regular and extensive lung involvement. In mice, anaesthesia is even more necessary, and without it virus instilled into the nostrils is usually innocuous. Now the whole explanation of this may be that the anaesthetic enables a massive dose to be aspirated directly into the lungs, but there remains at least the possibility that it also lowers the resistance of pulmonary cells to attack by the virus. It suggests that other factors which similarly lower cell resistance play a part in the onset of pneumonia as a complication of influenza. Certainly any factors which interfere with the normal clearing mechanism of the respiratory tract, especially damage to the cilia of tracheal and bronchial mucosa, will favour virus attack on the lungs. We are accustomed to think of bacterial infection in virus diseases being secondary to the virus attack, but the features of experimental influenza make one wonder if damage to the nasopharynx caused by non-specific bacterial infection or mechanical irritants may sometimes prepare the way for the virus infection and determine its extension to the lungs.
Dr. Weston Hurst: In the majority of the neurotropic virus diseases clear evidence of neural spread of the virus to the nervous system is forthComing; thus, after inoculation into a hind limb, the lumbar cord is invariably the first part of the nervous system to become infective. This is true even of a pantropic virus such as that of pseudorabies, which though circulating in the blood, does not reach the brain or cord by its agency.
The virus of equine encel)halomyelitis with which I have worked recently [1] behaves in a totally different manner. After inoculation into the muscles or skin of the leg, or even into the sciatic nerve, the lumbar cord is never first infective. The virus appears in the blood-stream, where its titre rapidly rises; but it does not penetrate directly the haemato-encephalic barrier, for after intravenous inoculation the fluid does not become virulent for several days. During its circulation in the blood, however, the virus may often be detected in the nasal washings. Taking this fact in conjunction with the observation that the anterior frontal region of the brain is almost always the first part to show virus after intramuscular or intradermal inoculation in the leg, just as it is after instillation into the nose, it seems fair to conclude that infection of the nasal secretions is the intermediate step in passage of virus from blood to brain. I suspect strongly that the viruses of yellow fever and louping-ill reach the brain by the same route.
It seems, moreover, that we must postulate a similar occurrence in those previously puzzling cases in which intravenous injection of a strictly neurotropic virus, such as that of poliomyelitis, is effective in causing the nervous disease.
Lennette and Hudson [21 have recently shown that after intravenous inoculation this virus may occasionally be detected in the nasal washings; and again, while in normal monkeys repeated intravenous doses of virus will cause the nervous disease, if the olfactory bulbs be removed previously, intravenous injection is quite innocuous. These two observations, both made within the last year, indicate, I think, a formerly unsuspected mechanism of infection of the central nervous system with certain filtrable viruses.
bird by the agency of the virulent exereta and it was also extremely likely that the same material was responsible for human infections, the virus being introduced by the respiratory route. In the human cases pulmonary lesions were usually present. The sputum, though scanty, contained the virus, and the patients coughed a good deal, yet transmission from man to man was rare; cases of psittacosis could be nursed in the open ward with ordinary precautions without danger to the other patients. What the explanation of this might be, he was unable to say. It might be that the act of coughing did not expel sufficient virus to make these cases a menace to others and in support of this was the scantiness of the sputum. On the other hand, there was a possibility that as the result of sojourn in the human tissues the virus lost some of its invasiveness. The other problem concerned the source of infection in zoster. There was considerable evidence that the viruses of zoster and chicken-pox were the same. A large percentage of susceptibles exposed to cases of zoster contracted chicken-pox, in fact clinical records of this occurrence were so numerous as to rule out the possibility of it being a coincidence. If zoster ever gave rise to zoster in contacts it did so rarely, and it seemed as though it arose in individuals already carrying the virus. The designation, symptomatic zoster, indicated the recognition of this probability in some cases, but the inability to trace the source of infection in the so-called idiopathic case suggested that, here also, the same held true. If this were so and if one could assume the identity of the viruses of zoster and chicken-pox-two rather large assumptions perhap$-then it would seem that the seeds of zoster were sown in a previous attack of chicken-pox. During recovery from an attack of chicken-pox the virus would be overcome but not exterminated; a state of symbiosis would be set up and the most likely place for this to take place would be in the central nervous system. Later in life, when possibly the immunity acquired by the attack of chickenpox was weakening, some factor such as trauma or poisoning by one of the metals, might upset the balance between host and virus, to the detriment of the former. The dormant virus would be lit into activity and an attack of zoster would result.
Mr. R. E. Glover referring to the experiments on the transference of fowlpox by mosquitoes said that under natural conditions the severest outbreaks of this disease often occurred during the winter and early spring months when it was most unlikely that transmission by mosquitoes could take place.
Dr. J. 0. W. Bland said that he had not himself worked on the problem of the means by which viruses gained entrance to the body but he had been interested in the way in which, having entered, they subsequently penetrated the cells in which they multiplied. He had observed that in the case of psittacosis virus growiDg in tissue cultures of chick-embryo, colonies of the organism could be found: (a) within macrophages; (b) within cells of epithelial type migrating from cultures of lung, and (c) within cells of fibroblast type migrating from cultures of muscle. Now it could be presumed that the virus gained entrance to macrophages by means of the phagocytic activity of the cells and the same might be true perhaps of the lung epithelium. Fibroblasts, however, were not considered to have much power of phagocytosis, if any. How then did the virus gain entrance to these cells ? He had hoped to be able to observe, in living cultures, either directly or in cinematograph films, this penetration by the virus. Up to the present, however, this had not been possible and the problem remained unsolved.
Mr. John Bunyan said that one possible site of entry of viruses appeared to have received no attention-i.e. the paradontal tissues. Paradontal disease in varying degrees was present in nearly every mouth, causing the periodontal membrane, which had a good nerve supply, to be opened to infection. It had been noted that patients who had had their mouths thoroughly overhauled, and particularly in cases where overhanging fillings had been eliminated, were much less liable to contract heavy colds or influenza.
